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ThepiesentinveniimrdatestoansiRNAe^^ Motepariiculazly ^ 

5 iheInvmtionxdai»tDlihettsea(aAaI^ ^ 
expressed gene. ^ 

BACKGiraUNDOFTHBINVENlION O 
The introduction of double stranded KNA (di^A) into a renge of oi^anisms O 

10 induces both a potent and qpedfic gene fencing e£fect 'thie£Qtmo£gene8uppres8i(m «^ 
by a dsRNA molecule waa first observed In CaenOBhabdltis Regans and given fihe term 
RNAinterfemnGeorKNIAi(E5reetall998}. In an attempt to optimise iihe use of 
aniisense SNA as a tool for conbtiOing specific ^ene e^tpmdon in worms. Fire et al 
(1998) fouxuItlmtd&ia^A was snore effective ThedsKNA 

15 could be generated in vitro CFire et al 1998) or in vivo CTavemaralds et al 2D00) and stOl 
inediate gene suppression with Hghspedfidty, Subsei^ent studies have shown that 
dsRN A is an effective inducer of gene silencing in a wi de range of eukaryotic 
oxganisms and that the mechanism behizul Ihis form of gene regulation is most likely 
conserved throughout evolution (Baulcoacibe/ D. C (199S) i&nfJkfofiGttf 32(1-2)/ 79-8S; 

20 Lohmann, J. EndL Iv and Boscli^ T. C (1999) D&vBioI714SX), 211-4* Ngo, 

Tschudi, a GttU^K^ and imu.E. (1998) /h>cASilSri4eai/5tfr/5^ 95(^,14687-92; 
Cbgoni^ Cv and Madno, G. (1999) A&fun(?399(67ra)/ 166-9; KennerdelU J- lU and 
Car&ew, R. W. (1998) Ce2r95(7), 1017-26; Schoppmeler, M.. and Damexv G, (2001) 
Ztev'G3mflff£Ynflfc/211(2),76^;Baker,M. W^aM CmBioI 

25 10(17), 1071-4? Wargellu^ A.^ Bllingseiv and ^os^ A. (1999) Biodkem EiophysRes 
Commtm 263(1), 156-61). 

The molecular mediardsm of BNAi has begun, to be dedphered using 
Uodiemlcal and genettc approaches xn difEerent e)qperiinental s^stoxis (Hammond, 
SJM[., Caudy, A^., and Hannon# G J. (^001) Nkt Eev. Genet 2, 110*19). I'resenlly, 

SO RN^ is postdated to involve bo& an irutiation step and an effector step. Duringtiie 
initiation phase, dsRNA is processed by the BNaselH family nudease Picer to produce 
21-23 nudeotide duplex siRNAs (small interfering RNAs). These short stretches of 
dsKNA caeiy 2 nudeotide S'-OH overhangs tiiat contribute to the efficacy of gene 
silendng (Etbashir, SM,, Lsidedcel^ and Tusdd, T. (2001) CSen^ <fr ^rl5:188- 

35 200). In Ihe effector ^hasQ^fhesesiSNAs are iricoi^ 
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called BISC (RNA*induad silendxig complesO that tasget$ transoipis by base paixing fn 
between one of ihedRNAstrajtdfi and ^ ^ 
Bo£nsteiiuE^BeadvDvandHannGruGJ.C20^ Anudease ^ 

activity associated with iha SISC comptex then deavee die mSNA-^iBNA duplex tihufi ^ 

5 iaxjgeiing the cognate xnK^TA for destii^ ^ 
Ininammalianoelis the me of d^ElNAto control gene e>7re&sion has been ^ 
hampsied by die presence q£ a unique global response Mammalia cells ^ 

exposed to daE(NA longer iitsax 30 ba$e pairs in length trigger a response medianism ^ 
involving activation of two key en^ymesi, dsRNA^adivated protein kmaise (FKR) and Q 

10 2^'oligoadenyIatepolymerase/Ib\aseL(Kijmdr^M^ ^ 
MiaoldcIMDim6IR€v€l{4^ 141S3^ The acdvalion of these enzymes leads to a 
ttssalionQf protdnsyntihesisandeventaaUyceUdeai^ Itwa9diu5 
anticipated that die introductimi of long dsRNA would acdvate this global response 
system, However, studies have shown that in both mouse pre-implantation enibryos 

IS (Svoboda, P., Stdn^ P., Hayashl, Hv and Schulia^ B. M. (2000) Devetapmentm{l% 
4147-41B6; VN^anny, and Zemicka-Goet^ M (2000) NatCeamolzH), 70^ and 
undifferentiated embzyonic stem cells and embryonic cardnoma cells (Yangr 
Tutfcon. neroe, E., and Yoon, £C (2002) McJQslI Biol 21(22), 7807-16; BiUy, E., 
Brondani, V., 29tangr Kv Multer, U. and Hlipowic^ W. (2001) Jiroa NaeA&dSd9&, 

20 14428-1403; PaddisoUr Pv Caudy, A. Av and Hannon. GJ. (2002) Pgoa Nail Acad. $A 
99^ 1443-1448), the use ctf in vsBto generated long dsRNA was able to mediate specific 
genesUendng* The pxiinatyx«a$on for fhese observations was 
lack die generalised re^onses to dsSNA. These results were encouraging but placed 
particular limitations on die utility of this approach in differentiated mammalian cells. 

25 Following on from observations dutt the products of the Dicer enzyme could 

mediate SNA! in Drosophila embcyo extracts, it was then demonstrated that 
diemically synthesi5ed21 bp siSNAs could be used in a wide range <tf human and 
mouse ceU Unas to induce gene silendng (Elbaahir, 8. M., Harborthr J., tendedceL W., 
Yaldnf Weber, TS^ andTuschl T. C20Q1) iS&&tn»411(6836),494^; Caplen, NJv 

30 Pandshr 8., Imaniyr F., Pire, A^ and Morgan^ HA. (2001 ) JPtoa fJaff. Acad. Ssi. 981, 9742p 
9747). This approach for transientiycontrallaiig the e3q>ie6Sion of a wi^^ 
different target genes has been demonstrated and is becoming the method of dioioe 
for determining gene fonctton in mammalian cells (Hsu, J.Y., Reimann, J. D. K, 
Sorensen, CS^ Luca^s;, J., and Jadcson, P* K. (2002) Nature CslI &oL 4r 35dn366; 
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BIOBF DESCEfflPTIONaFTHB DRAWINGS 

Shaifigyforgeneratirigintraodlu^ 
on trdtisgene ^cpres^on. (A) The convergent U6 expression cassette encodfis sense and 
antisense RNAs d\at terminate at directional termination sequencer. ThB 
35 oomplementaiy RNAs onneal and undergo further Dicer-dependent processing to 



'HuimpflojV Tonwaley; Fy RoainrArbesfel^ Muisl li, and Biem^ M. (2002) ITI 

A&ten&CfeffAfis/.^ 367-373). ^ 

l!healiiUty to expt«8ssiBNA0 that act through ^ 

spedfic gene expvesdon aHows far a numlier of functional atadies and possibly ^ 

5 ^lon^eutlc applications. Hbwevet; new c^raadiiesfbr targeted inl^ ^ 

expxesi^ are reqtdmL , ^ 

Si 

In a first aspecfc the present inventipn provides an siBNA expression vector for O 
10 useinsilendngatatg^genc^ihevectorGampnsingapairof conv^^ 
and a DH^ molecule positioned &0rBl>ehveea Ihe DNA ^ 
taiget^speciSe sequence flanked by two dlK^onal transcription termintfors, fhe 
terget-sp^dfic sequence comprising a sequence of at least 14 nttdeoddes having at 
least 90% idmti^ to a segment of the gjsne. 
18 ' In a second aspect the present invention provides a method for determining a 

function of a target gene^ the method comprising: 

preparing an siRNA repression vector comprising a pair of convergent 
pxomotei^ and a DNA molecule portioned tlierebetween^ DNA xndlecule 
comprising a target-qwdfic sequence flanked by two directional transciiplion 
20 tennSnatonstr the tatget-spedfie sequence comprising a sequence of alleast 14 
nudeotides having at least 90% identitjf to as^ment of ihe larget gene; 

transfectiz^ an e£Eecttve amount of Ihe siSNA esqiression vector into a cell to 
produce a transfeded cell; axul 

detecting one or mcne phexwtypic changes in tiie ttanafecfeed cell idative to a 
25 control csIL 

In a tiiird aspect die present invention provides a metiiod of inhibiiing 
e)q>re8sion of a target gene in an organismr tha method comprising: 

providing tiie organism tviih an siSNA expreadon vector according to dia iBrst 
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praduce fuiutionaL siKNAs* A U6 Gonveifgent eo^reBsion vector oontaiiung an ECa?- W 
specific inseift (DttalUdGFP) leduoes dBO^-mediated cell Ehtomcenoe (B and ^ 
dSGITprofcelA levels (D)faxiddEGEPBN^ ^ 
Fig, 2 Gen0 $iippY«s6icinby c^plementaiy iQ^As ^q}zed$ed &!om aU6 convergent ~ 

S cassette iaD!c»]>4epend6ntCA)lh^ ^ 
transoipttcm In BdR293.cens to produce sense and antlsexise RNAs* (B) Suppxessim of 
target gene e>^B8ion by d\e DubIU6GFP vector requires lihe co-expre$»on of both ^ 
sense and anttsenS6KN[As. (C) TheDualU6GFP repression vector reduces dEGEP ^ 
target gene expression in a Dicer-^ependent manner. (D) Co-expres^on of IQI 

10 complementary KNAsfiCTCi the U6 convergent expressly 

FBQR,Hdaodl&wereti»atadwi&aipMcalycuIinAan^ ' 
for activated PKR. 

Si;qp|msdQn of ]^ proton levdstti^ 
naamidfi EhtalUfi and DuaIU6pS3 or pSS-speciflc sERNAs 1 and 2 v^ere transfected Into 

15 MDA MB 231 oeQs and at 48 h and 120 h post-^transfeeiion p53 and 0<«cdn prot^ 
levels deiennined iinng western analysis* 

Hg 4 Suppression of dEGSP transgene expression u^xtg a stably integrated 
convergent trartsciiptianve<^. HEK2d3ceUs were cotranafected with eidv^ the 
pDualU6 vector or pDualUSGEV and &e pRBF7 plasmi^ 
20 selected for redstance to hygromydn. Following sdecttcov calla were examined 
for levdl of dBGBP-mediated cadi fluorescence. 



DETAII£D DSSCWnON 

The ^sent invention provides a convergent pr om o ter system capable of 
26 produdng sense and antzsense RNAs mediate gene silencing in mammalian cdls 
durough the BMAi pathway. This syst^ can be used to inhibit transgene and 
endogenous gene expression. 

Hie use of dsBNA as a mediator has distinct advanta^ over hammerhead and 
hairpin ribozymes including the presence of a natural cellular protein comply 
30 (termed tUSC) that binds the expressed dsRNA and mediates interaction with the 
iafget mRNA and. cleavage of die target mllNA. 

In a first aspect iiie present invention provides an siBNA expression vector for 
use in silendng a target gene^ the vector comprl^g a pair of convergent promoters 
and aDNA molecule positioned therebetween^ the DNA molecule comprising a 
3S targefr-^dfic sequence flanked by two directional transcdption t^nninators, die 
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taxget-spedfic sequence compzising a seqoance of at least 14 nudeotidea having at ^ 
leadt 90% idfiAtity to a segment of the target gene. <H 
DeUveiy and ttanscdpfion of ihd expm^n vedms of the preseztt invmttlon in ^ 
a host cell provides an slBNA spedfic for a tacget mRNA having complammtatHy 
5 with tfietaiget^gpedficseqpienoe. The sll^ ^ 
tffective modifiers of gene eiqHfestion. ^ 
Pxeferably the tazget-'spedfic sequent is at lea^ Mcxee ^ 

pt)fi{etdblyfhetarge<>«pedflc sequence is 19 to More q 

pxeferably the tazget-spedfic sequence is Miost O 

10 ptwftoably the taiget-^edfic sequence is 19 base pa^ 
Tlie taxget gene my be any gene of iniaittst tiio 
deemed desirable for any «asoa by one of ordinary akOl in the art 

M a prefened embodiment the target-spedfic se 
identity^ and more preferably is identical to a segment of the target g^s^ 

15 The taiget-spedfic sequence maybe synlheticaUy generated or generated by 

digesting a viral or pathogenic genfMne to fragment ftesli^^ Dig«tlonofa 
viral or padiogenic genome m^be aduevedby techniques known to those of skill in 
ihfi art such as DNAse I digestion or by digestion with lestdction enzyme(sX 
8yndiettcsequenGB may be genoated d^emically according to Icnowti methods such 

20 as the solid phase phosphoramidlte tdester method described by Beauoage and 
Carulhers (19S1) TMxahedron Letts. 22(20):1859-166% e.g. using azi autanated 
synthestser as described in Needham-VanDevanfer et al (1984) Nuddc Adds Bes.j 
1226159-6168. Purification of the molecule, where necessary, is typically perfbnned by 
either gd electrophoreds or by anion-exchange HFLC as described in Pearson md 

25 Regnier (1983) J. Chrom. 255:137-149, The sequence can be verified using the chemical 
degradation method of Maxam and Gilbert (1980) in Grossman and Moldave (eds.) 
Academic Frees, New Yoil^ Methods in Ens^ymology 6S:49»660. 

As used hereiq, the term *'compleinentaxy" Is used In retoence to 
''polymideotides" and oIigonudeotides*'.(whidi are intexdiangeable teixns that refer to 

30 a sequence of nud«>tides) related by the base pairing rules. For example, the 
sequence 5'-CrGAG-3* is complementary to ttie sequence 5 - CTCAG3'. 
Complementarity can be partial or total. Partial complementarity is where one or 
more nudeic add bases Is not matched according to the base pairing rules. Totalor 
complete oomplemenfadty is where each and every nudeic add base is matched witii 

35 anodier base according to base pauing rules. Hie degree of complementarity between 
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nufileic add strands has significant effects on ihe ^ctency and stm^gifo cf ^ 
hytodisidton between nudeic acid strands. ^ 

The teim ""expvesfilQn vector^' as used hex^ xefieis to a teoootbinant DNA. ^ 
molecide containing a de^d coding sequent ^ 
5 sequences neceasaxy for the expression of the opessldy linked coding ^quence in a 
hostorganifim. Nudeic add sequences neoessaiy for e)q>resslcm in eukaryo^ 
indudei,£6r example, polyaden)dation signals. In a preferred etnbodiment the 
expression vector also inootporates stabilisation elements into the e>cpte^Bd RNA to ^ 
increase the stability of the RNA. Suitable expression vectors indude plasmids^ ^ 
10 viruses retxotcansposone and cosmids. Fretoablyl^ "Q! 
expression in a mammalian cell. 

Ixi a ptefeixed embodiment Ihe expression vector is a retroviral expressi(m 

vector. 

In a prefiBEted embodiznent the expression vector encodes a selectable marker, 
15 for example an antibiotic re^stance gene, fixTsdection of celk 

expression vector. More preferably the expression vector encodes the Gti8 sdection 
marker. 

MeAods wHdi are well knovm to ftose ddUed ^ 
construct e)q>]!esi£on vectors ctf Represent invents These methods indude in vitto 
2D recombinant DNA tedmlquear synlhettc techniques and in vivo recombination or 
genetic recombination. Sudktedirdques are described in Sambrooketal (1989) 
Molecular Cloningi A laboratory Manual Gold Spring Harbor Pres^ Flainview RY. 
and Asubel F M et al (1989) Current Protocols in Mdecular Biology, John WUey & 
Sons, New York N. Y. 

25 Transcdption from &e convergent prcnnoters of two strands of the 

readerttinserle results in die production of two small complemeniaxy BNAs that are 
capable of hybrididng to form an siRNA with two to four base ov^iiangs at their 3' 
eruis. 

bi a preferred embodiment the convergent promoteis are U6snRNAr HI or T7 
30 promoters. Mbre preferably the convergent promoters are U6 snSNA promoters. 

The expt^tion vector produced according to the methods of the inventim 
useful in identifying the functl on of a gene or sequence of interest in an organism. 

Accordingly, in a second aspect flie present invention provides a method for 
determining a function of a target gene, die method comprising: 
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j>t&psuAns an siBNA expx^esaim vector compriang a pair of convergent ^ 
promoters and a DNA molecule positioned &eiel>6tween, titie DNA molecule - ^ 

oompiidngataxget-speciflcsequesiffifiaiik^ ^ 
ienninatar^iihetatgeb«pedfic sequel ^ 
5 nudeoddeshan^ at least 90% identity to ^ ^ 
tnansliecUnganeaaclivaamc^^ ^ 
prodttoe a transacted cell; and 

dfiteefcing one or mote pihenoiypk change ^ 
control cell. O 
Fte£erablytheta]:^et-^>ed&ceequencei$atlea$^ More ^ 

preferably the target^pedfic sequence Is alxmt 19 to about 30 baae pairs in lengdu 
Mbi« preferably tihe taiget-apedfic sequence is from 19 to 25 base pota in lengdu 
Most preferaldy the targefr^pedfic seqisB^ psaxs In length. 

In a prefexted embodiment the cmvergentpr(miotersareU6snKNA«HlorT7 
15 promoters. More prefierably the convexgent promoters are U6$nRN A promote 

The pt«6ent invention provides methods for the modification or Identification 
of one or mor« functions of a target gene in an organism. The methods of die 
invextilon selectively reduce^ diminteh or destroy &b RNA encoded by the target gene 
in order to rend» the BNA non-functi onal while the targeted gene in the host remains 
20 Intact Ibesemetfaodafhertforeempliyira'lai^^ 

modify gene fimclion instead of (he tradiilonBl'ls^^ the invention is 

useful for the rapid identification o& for exarnple, iSsease related genes whidi may be 
taxi^ted tor the treatment or prevention of disease. The methods of the present 
invention also have utility in identifying viral or pathogen-derived genes that play a 
25 ms^or role in the sixs^^ptibiUty of c£sUs to infection by viruses or pathoge^^ 
The term •'transfecting" as used herein refers to the introduction of die 
ed^resslon vector into a celL Transfection may be accomplished foy a variety of means 
known to die art including caldum phosphate-DNA co-predpitation^ DEAE-d^ctran- 



30 micr^ectionr liposome fusion, Upofacdoiw protoplast fiiaoiv retroviral fnfecdon or 
bioUstics Oi.e», partide tx>mbardmmt)r Transfection may be transient or stable 
transfection^ The term '^stable transfection^ or ''stably transf^cted** refeis to die 
intn^ductionandintsgrationof atcansganeintothegenomeof atran^^ The 
term ''transient transfection" or 'Hransientiy transfiected'' refers to the introduction of 



• 
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one or more transgenes into a trazisfecte d in the abeence of intogralion of the ^ 
transgene into the genome of ^ host oeU» ^ 
Tlie taxget gena maybe any gene <tf intexie&t ihe manlpiilation of v^chmay be ^ 
daemeddefiirdilefitiranyittasoabyoneQfoi^^ ^ 

5 Phenolypicdhangesixidudetheflbd^^ ^ 

and/ or mBNA pEroductfrom I3ia target ^na, altered biochemical propertied or altered ^ 
outward pxDperttes of tiietransfectedcdlsudi as morpl^ ^ 
can be debexmlned hy tedmiqu^ Jmown to those of ordinary skiU in the art including Q) 
Weatem blotting, Northern analysis^ em^mie-linked Immunosorbent assay CBUSA), ^ 

10 immunoassayr flow qrtomfitiy^ microarr^ or in ^tohybndization. 

It is desirable to expzeas a sufficient amount of aiKNA such ihat substantially all 
the substrata RNA 18 deaved. Such substantial abingation of scAstrateKNA 
^qprassion would facilitaAe the observation of ihe effect of depletion of gme function 
in Ihe organism wherein ihasiRNA is expissfiad^ While deniable/ complete 

15 elimination of the substrate SNA is not required by the methods of (he invention. 

A "contror cdl as used hetein indudes a cell thai is untransfected, has been 
mode transfected^ or has been transfected with &n **empty vecto^' such as an 
expression vector without die DNA molecule insert 

Host such as eukaryotic cells/ harbouring the expzession vectors desmbed 

20 above are also provided by this invention. Host ceUs may be derived from or 
containedinanyoi^ganiflm. Suitable c»ganlsmsindud^ but axe not limited to, 
animcJL plant bacteria^ virus/ and fung^. Suitable host Gdlsindude/ but are not Hmited 
to, bacterial cells^ rat oellS/ mouse cells and hmnan cells. 

The methods of the invention ate useful for detennining the function of a gene 

25 or DNA sequence of interest in an orgaiusm by fcnward genetic approaches including 
observing the effects of reducing expression of the gene or DNA sequence in the 
organism or of a honioIogou& gene or DNA sequence in another organism. For 
example^ data presented herein demonsfacates that €ie funcQcm of tiie p53 or EC^ 
gene in MDA MB 231 breast cancer ceUs or 293 embtyonic kidney cells respectively 

30 may be detennined by (SRNA mediated deavage of transciipts. 

The t3rpes of genetic selections that can be used in a forward genetic approach 
with an RNAi as described herein indudes overcoming cell growdi arcest by^. for 
example;^ bypassing p53-mediated grov\rth arrest and apoptosis; identifying niew 
targets involved in chemotherapeutic drug resistance such as overcoming S-FU- 

3S induced growth arrest^ apoptosis and senescence; bloddng activated sigx^ 



m 



.MflR,2003 17S25 39C BDW 03 96793111 hfO.710 P. 15/29 



paliiwaysy for example/ identifyizig novel positive and negative rsgulatcxrs of ^gnaling * H 

patifiways implicated in cancer, such as the TGF^ and Wnt pathways; elucidatixvg ^ 
re^stajice to viral azid pathogen infeciim ^ 
confer ledstance to HIV infiecfion or tibat Interfere Yrtih tite ptodiictive <»* latent phases ^ 

S of die vtaallifiBcyde or genetic screens to CC 
tatntoeniiter parasite such as Plasmodium; synlhetlc lefludily screens to Identify gene 
pnniucts whose inacfivation leads to cell deadv parlicolarly in tumor cells deficient tar q 
either the p53 or pl6 / Eb himor fiuppreesion pathways; identifying genes kwolved in O 
metastasis/ for example using in vivo assays; identifying optitnal siRNAs against ^ 

10 spedfic taiget($); detecting genes regulaiing spedfh: promoters; detecting cell cycle 
regulatory genes, for example using fi>ftaj^ assays (for anchorage dependent 
growth) and mirdmal medium (for growth faciKwjndependent growth}^ both of wMch 
are widely tised indicator of cellular transformatiorimc^ 

The fimctton of a target: in A first OEganiam may he deters^ 

15 reducing expression of a gene in a second organism using the methods of the 

invention where ethical considerationfi preclude experimentation on ihe first organism 
of interest. Ihus, while ethical considerations predude depleting gene expies 
humans in order to deteemixte ihe functicm of that gene in a human individual, ^e 
ainlity to reduce e>qpression of a gene sequence that is homologous to the human gene 

20 sequenceinamodd organism (e.g. mouse) pemiits an initio 

function of the gene* 1hefunctionofthe^nemaydienbefurlherinve&tl|^tedin 
odier model organisms and/or in dinical tdals with human subjects. 

Forthermoret, the ahility to repress dKNAs that act through ihe RNAi pathway 
allows for regulation of expression of genes and therapeutic applications to alleviate 

25 disease states resulting from e^res^on of these genes. 

Accordingly^ in a third aspect the present invention provides a method of 
inhibiting expression of a target gene in an oisanism^ the method comprising: 

providing titie organism with an siSNA e>7resston vector according to the first 

aspect. 

30 The target gene m^ be a gene derived from a cell of the or^ganlsmi, a transgene, 

or a gene of a pathogm present in a cdl of tiie organism, or xemaining in ihe cell after 
infection by the pathogen. 

The organism indudes/ but is not limited to animal, plant; bacteria, virus or 

fung^. 
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The expteadoii vector produced aocoxding to ihe method of tiie a^ect may ^ 
l>e provided to the organism by direct inttoductiorv such as diract injection^ or *^ 
introduced hy other meane known to tibose of skOl in the art including oral ^ 
introduction or topical ^licatioA. 1hee)cpi»6^tovedor may be introduced into a 2^ 
5 gnrnUnaoraoDfurticcdl^dtemcdlorod^ ^ 
and r^-introduced into Ihe organism. 0^ 

The present invention may be used for treatment or prevention of a disease Ul 
state resulting fiximesq^ression of the taii^get gene. Disease states indud^ but are not Q 
limited to, autoimmtme diseasesir inhexited diseaaes, (smoer, infection by a pathogen or ^ 
10 overexpresaiaati of the target gene. Treatment would Indude prevention or 
amelioratiQn of any symptom or dinical indication associated with the disease. 

Target genes according to the ptesent invention indude, but are not limited to^ 
genes ixivdved in chemodierapeotic drag zesistanoe, 

imidicated in cancer induding genes involved in metastasis and genes respon^le for 
IB tiimotlgenesis. 

The present invention also indudes phannaceutical oompoidtLons and 

fomiulations/ which comprise at least one siRNA expression vector of die invention. 

The pharmaceutical compoMtions of the present invention may be adndnistered in a 

number of ways depencUng upon wheAer local or ^^sbemic treatment is desired and 
20 ispaiL the area to be treated The administration can be topics)^ pulmonary, oral or 

parenteral* 

PhacoaaceutiGal compodllons and fomiuhAons for t€>pical administRition may 
indude transdermal patches^ ointmentS/ lotionar creams, geH diop^ suppositories/ 
i^ayfiir liquids and powders. Conventional pharmaceutical carnersy aqueouS/ 
25 powders or oily base^ thidceneis and the like may be necessary or desirable. 

Composition and fdrmulations for oral administration indude powders or granules, 
suspensions or soluttons in water or non-aqueous media/ capsules satchds or tablets* 

The siKNA expees^cxi vedxtfs of the preeent invention can additionally be used 
to increase the susceptibility of tumour odls to anti^^tumour therapies sudi as 
30 chemotherapy and radiation therapy* 

Accordingly in certain embodiments of this invention there are provided 
liposomes and other compositiox^s containing (a) one or more siRNA expression 
vectors of the invention and (Jb) one or more chemolherapeutic agents whid\ function 
by a nonrhybxidisation mechanism. Sxamples of such chraiotherapeutic agents 
35 indudO/ but are not limited lo^ anticancer drugs audi as taxol^ daunorutkidnr 
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dadtxHomydn, doxorubidiv bleoxnyciiv oiitomydiv nitrogen mustarc^ chlorambucil, 

mdphalaiu cydophosphaxnicMf e-mercaptopuxine, 6»thioguax\iiieir cytaralidne, 5- ^ 

flanmrad]^ fioxmiclin^ me&otrexate/ colchiGin^ vincristlxijei, vtolastiiv etoposide, ^ 

5 Beitov^ etaledsv 19^/ Bahwa7,NJv^ 1206-1^ QX 
The fckroiuIatUm of tiie therapeutic compositions and tihdr subsequent 
adininistraticnlsbeHevedtDbe^viifainihedk^ Dosingis 
dependent on severity and respon8ivfine&$ of 1h4»^^ O 
cowse of treatment lasting from several days to sev^^ «^ 
10 effected or diminution of the disease state is aciiie Optimal dosing schedules can 
be detramined from measurements of drug aocumuladonin the body of the patient. 
F^XBons of cnndSnary ddU can easily determine opf^ 

meOiodolog^ and repetition sales. Ici generals dosage is from aOl fig to 100 g per kg 
of body wel^ and masy be given daily, we^y, mcHithly or yearly. 

15 lltroughout this spedfication ihe word ""comprise", or variations such as 

"comprises" or **compjising*V will be understood to imply the indueion of a stated 
element integer or st^, or group of elementsi, integexs or steps, but notthe exdusion 
of any other element^ integer or step, or group of element^ integers or steps. 

All pubEcaiions mentioned in this spedficalion are herein incorporated by 

20 reference. Airy disrosaonofdoQunente^ads^ 

which has been induded in the present qpedflcaiion is soldy for the purpose of 
providing a context fbr the present inventioiu Itisnottobetatenasanadmisdonthat 
ai^ or all of these matters form, part of the pri or art base or were common general 
knowledge in the field ]?ele vani to the present invention as it existed in Australi a 

25 before the priority date of each daim of this applicatioru 

In order that the nature of the present invention may be more dearly 
understood preferred forms th^iBofwiU now be described with reference to the 
following non-limitfng Examples. 

30 BXAMPLES 

Exanqplel Constructs and sxRNAs 

To develop a vector system for expres^ng sSSJtfAs in manunalian cdls 
compatible with generating KNAi for forward genetic sdectionr the convergent U6 
promoter cassette iru&cat^ in Figure lA was deigned. To determine the intracellular 
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effic^qir of exprefision c&fisetbe for mediaimg spedfic gene dlendngp the EGSP 1^ 
gene wiQsus^ as a target 

To coxi5tmGtI>ualU6 contdidxigc^ promoter^ Ae primers 5'-<3CG ^ 

CAAGCTTATAGGGAATTCGAGOCCtOTA^^^ g 
5 ItTT TIC GTCCTTTCCACAArS' were t2sedt» PGR ampUfyt^^ ^ 
itB^oti from pTZ(U6+l) (Paul CP., Gooit PD-/ Winer/ 1 and Bngellce, D JL (2002) ^ 

fragment into pTZi(U6-hl). The inserts encoding die setm and antisense RNAs were ^ 
designed to indude a 19 bp tai{;et-spe€afic sequence (in boldbelov^) flanked by two O 

10 diffecttanaltFanscziptlont«mUnator$c£a^ ^ 
oUgonudeoOdes used to construct DualUSCSFP were 5'- TCG ACA AAA ACG GCA 
AGCTGA CCC TOA ACT TTTT^' andS'-CTA GAA AAA CTT CAG GGT CAG 
CTT GCC GTT TFT while ihe fcdlowlng were used to Gonsfxuct DualU6p53: 5*- 
TCG ACA AAA AGA CTC CAG TGG TAA TCT ACT TIT T-^' and S'-CTA GAA 

15 AAA GTA GAT TAC CAC TGG AQT CTT TIT These oligonucleotide were 
syntiiesised (iSgma Genosyt^ Sydney^ Australia), annealed and doned into ihe Sail 
and Xbal ^tes of DtudU6. 

The BNA oligonucleotide used to fi>rm the siRNAs were synfiiesised by 
DhannaomBeseardi&iG (CO, USA) and (he sequenees were: GPP, S'-CGG CAA GCU 

20 G AC OCU GAA G dldT (sense); p53(siBMrAl % S'-GAC UCC AGU GGU AAU CUA C 
dTdT(fieiifie);and p53(dBNA2)/5'-GCA UGAACCGGAGGCCCA U dTdT (sense). 
These RNA oligonucleotides were annealed wilh corresponding aniisense strands as 
described (Blbashir, S. M-^ HaA^orihr J., Lendeck^ Yaldxv A, Weber, and 
TusdOr T. (2001) A&ft««411(6836)p4M4). 

25 

Example 2 Effect of expressed siRNAs on transgene ei^zessioxt. 

Mammalian cells used in this study included the human embryonic Iddney cell 
tine EcR293 Qtavitrogav CA USA) and the human breast cancer cell line MD A MB 
231. The construction of the EciR29S cell line e9q)ressing die dEGFP gcsne has been 
30 described (Raponl, Mv Dawes^ LW^ and Anull^ GM. (2000) BiobsdiniqaesTB, 840- 
B44). BcR293 cells and titeir derivatives were maintained in DMBM containing 10% 
fetal calf serum supplemented with ^utamine^ streptomycin end penicillin. MDA MB 
231 cdls were grown in BFMI containing 10% fetal calf serum supplemented with 
glutamine. 
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Cells were seeded into 6 weU plates 21 h prior to tran^^ Forall m 
transf eclionfi/ a total of 4 p.g of plasmid DNA 20 {jM of sSNA was delivefed using 
Upofectaxiiine2000Cblv!troge^ ^ 
InstriietI<»is.CeUswmhAnrestedat24haiid4^ ^ 

5 EGHPe9q9xesdonQ(ectonDiddxi8oivllSA) ^ 
UBbig a auofesoence miox^Gope (Nikoiv JapexO "with a B^2H filter cube. ^ 
A US cxviveigeiit expression vector containing a ^GBP-sped&c insert (DuaIU6GFP) 
was constructed and co-transfected witit\ ttie pBGFF-Nl plasmld end the lacZ 
Gscpression vector fSV^ into 293 embryonic icidney cells. Cells receiving DualU6GFF Q 

10 di^l£Qred a 40% reduction in ceU fluorescence compared with cells tr£^^ ^ 
the DualU6 control vector- 

To iarit^ examine the utiUQr of (he dual U6 promoter/ and ihe mechaidsm by 
which this vector regulated g»e es^resslonr the DualU66FP plasmid was delivered to 
293 obDs containing a BtaUyint^rateddestab^ As 

16 shown infiguie IB, cells tvansfected wlihDualU6GFP displayed a tedudSonin 

dEGHP-*mediated cell fluorescence with the levd of reduction in fluorescence equal to 
tMcKf tt^ synthetic EGFPsiRNA at 48hpost>^tans£ecti Consistent with Ihe 
requirement for esqsresdon of the sense and antlsense RNAs bom DualU6GFF, gene 
sUendng via this vector displayed a 24h delay compared with a synthetic siKNA 

20 targeted to ihe same region of fliedEGEPmBNA The reduction in cell fhicnesoence 
edsibited by ceUa containing the I>ualU6GPP plasmid was confirmed using 
fluorescence microGOopyCRgurelQ. As with the synthetic siBNAs^ the reddual 
population displa^ng cdl fluorescence moet likely represents cells that have not be^ 
transfected with the expression plasmid. 

25 To examine the utiUty of the I>ualU6GFPe)q>refiSLoa system^ 

regulation of ^e expression in mammalian cells, ^ther the pDualU6GFP plasmid^ or 
(he pX>uaIU6 vector, was co-delivered with pREF7 (containing the marker conferring 
resistance to hygromycin) toHEK293 odls expressing the dEGEP transgenei 
Following selection for cells stably malntdzdng the DuaIU6GFP plasmid, cells were 

30 examined &MrdEGFP-mediatedGdl fluorescence* As ^wn in figure 4 eelte 
the DualU6GFP plasmid displayed a significant reduction in cell fltiorescence 
compared with cells receiving tiie DuaIU6 control vector. This result indicates that the 
convergent e^^ressioa cassette described can be used to mediate long term regulaKon 
of gene o^ression in mammalian cells. 
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It \m l^een xeported lih^t shRNM or co-expreasian of 3mall azvtisensd and sens e 
SNAs^ produce specific gme slleiidng by piocessuig to ^SNA& To detemune the ^ 
medumisin of aedoxi of the DualU6GEP exptessim system, transfected wexe ^ ^ 

examined for dEGI¥ pnitein levd^ ^ 

6 of smaURNAs encoded by the USccMwexgent 69^^^ 

specific insert. ^ 
Western analysis was perfomied as foUowa: oell lysates were prepared using ^ 
EIPAbufEef supplemented widi protease inhibitors aprotonin (1 vas/mi), leupeptin (10 [^^ 
|ig/xnl) and DM^ (100 |ig/mO. Total protein was loaded arOo 4-12% 6is-Tris agarose q 

10 gels (biviiiogen, CA, USA), separated by dectrpphoresls and transfierted to 
pcflyvinyliderie fluoride (FVDF)me!n^^ for detection of 

spedfic piotdns in die Western anaty^ ixiduded: GEP, mouse polydonal (QontedO/ 
fKR monodonal (Cdl Signaling)^ FKR phospho rabbit pcdydonal (Ce31 Signaling)/ p^ 
mouse monodonal (Qzusogene Researdi Products) or p-adin mouse monoclonal 

IS (Sigma) antibodies* Secondary antibody detection was performed u^ng eiiher the goat 
ana-mouse hoi»eradish peroxidase (ElKPHixiked or the goat antx-rabMt HRF 
(SantaQmz)/ ftiUowedby visualisation using the luminol/enhancer chetniluminescent 
eubstrate (AmerEliam Pharmacia Biotedv Fiscataway, NJ). 

Western analysis showed tiiat the dSGBP protein levds were reduced in cells 

20 esqnessing the siBNA from the U6 cohvexgerA exEoession vector and that Ais effect 
was spedfic (RgurelD). The level of suppression of dnedEGSP protein was 
equivalent to that mediated by delivery of synthetic 8iSNAs» An examination of 
dSGFP target mHNA leveb indicated diat both the synlhetic siSNAs and diose 
eTqpressed from Ihe U6 convergmt plasmid reduced target mSNA (Hgure IE)* This 

25 latter result suggests that DaalU6GEP produces siRNAs capable of mediating 

turnover of the target mSNA^ an observation consistent with ihe mechanism of BNAl. 

Example 9 Gene svqpptes^on by complementasy BNAs expr^sed fipom a U6 

convergent cwette is Dlcep-dependent 
30 To further confirm lhat the DuaIU£GFP plasmid maintains the potential to 

produce siBNAs^ the tran^pts e^qiressed fitom this plasmid were identified using 

nozthemblot analysis. 

RNA for BNA analysis was isolate d using Trizol Qhvitrogen^ CA, USA) and 

immobilised onto n^on meocibrane Ohvitrogerv CA, US), for detection using standard 
35 probe hybridisation. For the detection of smdlantisense and sense RNAs encoded by 
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supiw. w>mwM w »Miw«. Ku^et geiHv «Bn¥w»vB8 oc HUB ptBsoua oontainiiig only a 
sing^ U6 pmmoter were amstrueted. These vectors wexe designated pU6GFFS and 
pU6G»PAs ami were estpected to ««sKle snwU sense and oili^^ 
control of Hie U6 promotei*, zespectively. Each of (hasa plasmids was used to 
transienfly transfect 293 cells expies^g the dBG3BP tiansgene. CeU populations wai» 
fl»n analysed for dEGEP-mediated cell fluMBsosnoe. This analysis indicated that the 
axpresaion of &Scax sensa or antifisnse EGFP strands alone was insufficient to suppress 
25 the dEGEP gene, and thatfuUtahfliitton of this target gene requi^ 
of both steands wlddn file aame odl (ngun2B). 

Qvm that the cells oo-e)^KS8lng the sense and anUsense EGFP RNAs 
displayed many of the haUmorks of RNAl, the issue of whether gene SOendng 
occurred through fbrtnalion of dsRNA was dfttennined. Toward Ihlsendr the Dicer 
30 siRNA was utilised as a tool to detemdne if die observed suppresdon was Diosiw 
dependent (ifiitvagner et al (2001) flrf«no?293,834-838). 293 cells expressing the 
dBGH» transgene were transfecled with DualU6GKP in ihfl presence and absenM 
die qmfiwtlcslBNAspeclflclor Dicer. AsshowninRgmaZCtheDia^siRNA 

completely reveised the redwtion In odl fUiotesoance me<fiated by the BGEP45^^ 
35 U6 convergent plasmid. In contrast cells tranafected withbodi the synthetic EGFP- 



DualUfiGEP, die fdlowingoKgonudeotides were end-l«a»dled and hybridised to t^ 

menOMsanesatST^lOTlkB^TCGACAAAAACBGCAACXTGACOCTCAAGT H 

TITT-3'or5'-CrAGAAAAACITCAGGGTCAGCTrGCCGTTTITG-3'. > 

Membraneswereanedyseduslngaphesphorimager<MoiIecuto g 

5 anbnegeQuant software pad^geCKfolecular Dynamics/ USA). ^ 

As shown In. figure 2A, bands of the expected length were observed only in ©C 
cells containing the DualUeGFP plawnid and not in vector controls, fii addition, using Sr 

strand-^>edfic probes. It was possible to show diatvrittUntiM cells containing the U6 Q 
conveigentBGPPvectorbolha»antisenseand5enseia^weieprasent.Thesizesof C 
the tiansaij^confiiinfid that the directional tennixialnrs were opaw^ 2^ 
diiJMted tnmaeriptional madiineiy effldeniiy tn»eated the antis^^ 
tcanscxipts within the ocmveigent transcE^nion unit 1I» d>ova resu^ 
use of U6 conveigent promoters in a singje ejqaesdon cafflette can produce sense and 
antisense RNAs that mediate specific gene si^)pression in a manner conrffitmt with 
15 RNAl. 

To damonsttata the neees^iy for convergent U6 promoteis in the DuaIU6GBP 
vectoo and therefiiXB die ej^nesston of bodi sense and antisense RNAs, to mediate 



20 
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andDIoe«pecacsIBNA8stindiq>layedareductt^ S3 



small sense and antisenseRNAs encoded by DuafLreGEP anneal to fbnn dsRNA Aat ^ 
ifipixNiffisedbyDicerintoaiiihentlesi]^^ ^ 
directed by these ptDcessed^RNAs. ^ 

IthasbemproposedtiwtdsRNAgreaterihattSObasepaiiBinaizeindaoea ^ 
global response thatresulis in activation of fte double-stranded RNA-spedfic protein ^ 
kinase PKR CPaddisoiv Pv Candy, A. and Hanwaw GJ. (20Q2) Ro& Nad Acad Sd, p 
99, 144^1448X To diminate PKR activatioii as being i«sponslble for the gene fencing ^ 
observed using tiiia unique expression system, tfie levels of both total PKR and 
activated PKR were ecamlned in 293 cells receiving the DualUfiGFP plasnUd. This 
analysia indicated lihat eo-ejqMtssdoii of fire sense and antisense EG£P KNAs and 
fonnation cxf dsRNAs did not activate PKR (pigure 2D), suggesting tiiat die observed 
gene silendxig effect was specific and tust i»Iatad to lliis £^al tes^^ 



vector. 



Whefliar llw U6 oonvapgent promoter system could be used to conttol ii» 
axpiieasion of endogenous genea in mammalian oella wras detennined. Parthis 

20 purpose, TP53 graoe tha* encodes tfia pS3 tumor supptWKor protein was chosen as 
atatget Toiiiisend^aUSconveigaitexpressianvectnrwasconstrcudedcQniai^^ 
aninsertenoodingapSS-spedficsiRNA. The target site selected was identical to flutfc 
reported earKer for qmthetic p53-spedfic aiRNAs (Brommelkamp, T.R., Bernard 
andAgaml,R.{20a2)5faM»aj296,8S(>^3). Thfip3»4pedecU6convergentexp^ 

25 plB8mid,Duam6p53, was transfected Into MDA MB 231 breast cancer and 293 cells 
and48hpost*ansfeciionoeJl8wereharvesledandanalysed&rp53proiBinlevel8. Aa 
dumninRguieS^ddiveiyofliielXulUfipSSplasmidxesultedinadgnlfi^ 
specific reduction of p53 protein. This vesuttindicaiies that the U6 convergent 
promoter system canbe used to effiectivdy suppress the es^ression of endogenous 

30 genes through RNAi in mammalian cells. 

Ute ^rstem described provides a novd alternative expression modality to 
*RNA-expressing plaamids for gene silencing in mammalian cells. This opposing 
promoter system also ^videsabasis for generating randomised RNAi Ubtaiiesin 
which random, double-stranded DNA oligonudeotides can. be introduced between the 

35 oonveigentU6promoters.Theexpanaionof&isdesigntoincludetwoA&rentRMA 
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pdymei^ IHpiooioteES in opposing olientatiow!, wife random oJigatrndeotide 
setpieneep brtween fte convergent promoters, would produce a randomised KNAi 
BbI!8lyo}9rettlngfundiana!slR^Mfiinm ^ 
repeat sequences. Sudi gencxine-wideRKAi libraries wi^ 1m useful to peiA^^ 
fiorward genetic screotssin^ to feoser^orisdusii^m ^ 
(K«irasald,R,Onuki,R.^Suyam9^E. and Taire^K (2002) A&f^ § 
and univeraal p^de libraiies O&v X, Leo, C Jang, Y., Chan, E., Padffla, D., Huang, ^ 
B.CB., Un, Tv Gururaja, T., HitosW, Lorens, J J5^ Anderaoa D.C^ Sfldq, B., Luo, Y, q 
Payan, D.G. and NoUbv GP. (2001) //aftow Cmetic$2li23'29i). A significant advantage O 
iaufilngrandomiaedRNAilihraile^overofeernuddcadd-^asedi^^ I!| 
genetic appioaclies In DHmmalian calls would ba tiw ideniifieat^ 
complete aequenoe complementarity to the intracellular target RNA that is linked to 
the modified ceUular phenotype. Iliis lei^ of sequence conservaticm cm 
to more e£f ectivdy identify candidate genes using homdlogy-tMBea search tools. Jxi 
additioiv these sequences could be diemically syntheslsad aiui used as tools for 
fwliher validation of the identified tar|^ or as potential thsapeutics. 

It win be appreciated by persons skilled in fee ait feat numerous variations 
and/or modifioatiom may be made to the invention as shown in the specific 
entbodiments witlumt depariingfinm fee spirit or soope (tf the in^^ 
20 described. Ihe present embodiments aMi,feaEefiai«b to be oonsidemd in all respects as 
iUustntttve and not lestricttva. 
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